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doi:10.1016/j.jfma.2012.01.001Background/Purpose: Patients with end-stage renal disease (ESRD) are at particular risk for
methicillin-resistant Staphylococcus aureus (MRSA) infections, especially via nasal colonization
of MRSA. Surveillance cultures are recommended to identify patients colonized by MRSA.
Methods: Clinical data and screening cultures of S. aureus from the anterior nares of 541
patients on long-term dialysis in the hospitals were performed in March 2007. The follow-up
survey was conducted 1 year later.
Results: A total of 32 (5.9%) of the 541 patients were positive nasal cultures for MRSA, while 89
(16.5%) were positive for methicillin-susceptible S. aureus (MSSA). In a multivariate analysis,
risk factors for ESRD patients with MRSA colonization included congestive heart failure, nursing
home admission, and nasogastric tube feeding in the last 3 months. Follow-up of the 32 MRSA
colonized patients showed that one (3.1%) died due to MSSA and three (9.3%) died due from
MRSA infection.
Conclusions: We found that patients with ESRD and MRSA nasal colonization were associated
with a history of congestive heart failure, nursing home admission, and nasogastric tube
feeding in the last 3 months.
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Nasal carriage of MRSA in patients with ESRD 15Introduction
culture were obtained from the anterior nares of outpa-Infection is one of the most common causes of hospitali-
zation, morbidity, and mortality among patients with end-
stage renal disease (ESRD). Gram-positive cocci, especially
Staphylococcus aureus, are the most frequently associated
microorganisms in long-term dialysis patients and the
anterior nares are the most common sites. From here,
S aureus colonizes and infects other parts of the body,
including vascular access sites.1,2 Recognition and isolation
of persons either colonized or infected with methicillin-
resistant S aureus (MRSA) is recommended to minimize its
spread in hospitals. Recent guidelines published by the
Society for Healthcare Epidemiology of America (SHEA)
recommend surveillance cultures at the time of admission
for patients with high risk of MRSA.3
Although the risk factors for MRSA colonization in the
general population have been well studied,4,5 there are
limited data in ESRD patients, especially in Taiwan. Lederer
and colleagues6 found that MRSA colonization is associated
with gender, duration of dialysis, diabetes, malignancy, and
exposure to health care (i.e., dialysis staff, hospitalization),
while Johnson and others7 has shown that dialysis patients
colonized with MRSA and MSSA were not different from each
other. Other studies show that MRSA colonization is more
related with patient habits, such as hygiene, bathing
frequency, and antibacterial soap use.8,9 Nonetheless, the
prevalence rate of MRSA colonization in dialysis patients in
Taiwan10,11 is not as high as reported in other countries.7e9
MRSA infections among dialysis patients are considered
to be healthcare associated (HCA) and infecting strains in
this population more closely resemble HCA MRSA strains,
which are typically staphylococcal cassette chromosome
(SCC)mec types I and III that lack genes for the Panton-
Valentine leukocidin (PVL) toxin. However, our previous
study has shown that colonized strains in this population
more closely resemble community-associated (CA) MRSA.
CA-MRSA strains are more susceptible to antimicrobials
than HCA-MRSA isolates and carry the SCCmec types IV or V
complex and PVL genes.10
The study aimed to determine differences in risk factors
and prognosis in emergence of CA-MRSA colonization in
ESRD patients. The objective was to find risk factors with
more details in exposure and demographic characteristics.
Specifically, it sought to investigate and compare long-term
outcomes of ESRD patients with MRSA nasal carriage and
those with methicillin-susceptible S aureus (MSSA) nasal
carriage.
Patients and methods
Study hospitals and patients
To cover a large area of Taiwan, the study was conducted in
three hospitals: National Taiwan University Hospital
(NTUH), a 2000-bed tertiary medical center in northern
Taiwan; Taoyuan General Hospital, an 800-bed secondary
local hospital located in the central part of Taiwan; and the
NTUH Yun-Lin Branch, a 400-bed secondary local hospital in
southern Taiwan. The NTUH Institutional Review Board
approved this study.During the first 2 weeks of March 2007, specimens for
tients undergoing long-term dialysis in the study hospitals.
Patients who were previously admitted to a hospital or
those who underwent surgery in the recent one month were
excluded. Part of the information on these patients were
reported elsewhere.10,11
Data collection
Each patient completed a questionnaire investigating
a wide variety of possible exposures and demographic
characteristics that are classically associated with MRSA.8.9
Data on hygiene, bathing frequency, antibacterial soap use,
and other habits or exposures were also collected using
a Likert-type scale (e.g., bathing/showering more than
once daily to bathing/showering less than once per week)
developed by Miller and colleagues.9
Culture of samples from the anterior nares
Samples were obtained for culture using culture swabs
(Becton-Dickinson, Sparks, MD, USA) that were plated on
mannitol salt plates (Becton-Dickinson) at 35C for 24
hours. Yellow colonies were streaked on blood agar plates
(Becton-Dickinson) and incubated at 35C for 24 hours. The
isolates were identified as S aureus using the Staphyloslide
agglutination test (Becton-Dickinson). Oxacillin suscepti-
bility was performed by assessing growth on Mueller-Hinton
agar with 4% NaCl and 6 mg/mL oxacillin at 35C for 24 hours
according to Clinical and Laboratory Standards Institute
(CLSI) guidelines.12,13 The second swab was processed and
tested using the Becton-Dickinson GeneOhm MRSA assay
according to the manufacturer’s instructions.
Case-control study
A case-control study was performed to identify risk factors
for MRSA colonization. Cases were defined as patients with
a positive nasal culture for MRSA colonization, while
controls were defined as patients with a negative nasal
culture for MRSA and had neither positive nor negative
results for colonization with MSSA.
Follow-up survey
The follow-up survey was conducted in March 2008, a year
after the initial culture of samples from the anterior nares
of patients. Infection was defined as local or systemic
inflammation and positive pathogen culture results (i.e.,
sputum, urine, or blood culture). Positive clinical symptoms
or signs only but negative culture results were not regarded
as an infection. Patient conditions, etiology of death,
history of infection in the last 1 year, pathogens of the
infection, and such factors were recorded.
Statistical analysis
Results are expressed as mean standard deviation unless
otherwise specified. The unpaired Student’s t test was used
16 C.-Y. Wang et al.to analyze continuous data, and either the c2 test or Fisher’s
exact test was used to analyze categorical data. Statistical
analyses were performedwith SPSS for Windows version 10.0
(SPSS Inc, Chicago, IL, USA). The binomial test of proportions
was used to compare incidences between groups. For other
between-group comparisons, Fisher’s exact testwas used for
categorical values, and Student’s t test or Mann-Whitney U
test was used formean values. A p value of less than 0.05 was
considered statistically significant.Table 1 Characteristics of patients on long-term hospital-based
(Univariate analysis).
Characteristic All patients
(NZ 541)
With M
coloniz
(nZ 32
Demographic characteristic
Age, yr
Mean SD 62 14 64 14
Sex
Men (N, %) 272 (50.3) 15 (46.
Women (N, %) 269 (49.7) 17 (53.
Underlying condition
Diabetes (N, %) 203 (37.5) 16 (50.
COPD (N, %) 12 (2.2) 1 (3.1)
Congestive heart failure (N, %) 118 (21.8) 14 (43.
Long-term bed ridden (N, %) 13 (2.4) 2 (6.3)
Acne (N, %) 40 (7.4) 5 (15.6
Folliculitis (N, %) 30 (5.5) 1 (3.1)
Cellulitis (N, %) 5 (0.9) 1 (3.1)
Nursing home admission (N, %) 2 (0.4) 1 (3.1)
Previous hospitalization (N, %) 108 (20) 5 (15.6
Previous MRSA (N, %) 13 (2.4) 1 (3.1)
Exposure
Itching score
Mean SD 5.48 6.32 4.94
Median (range) 4 (0e39) 4 (0e2
Hygiene score
Mean SD 5.4 2.3 5.9 2
Median (range) 4 (3e16) 5 (4e1
Bathing score
Mean SD 4.3 1.2 4.4 1
Median (range) 5 (1e5) 5 (1e5
Education score
Mean SD 2.9 1.4 2.5 1
Median (range) 3 (1-5) 2 (1-5)
NGT feeding in recent 3 months (N, %) 13 (2.4) 3 (9.4)
Operation in recent 3 months (N, %) 52 (9.6) 2 (6.3)
Recanalization for AVF/AVG (N, %) 43 (8) 3 (9.4)
Family members admission in recent
3 months (N, %)
31 (6.1) 0 (0)
Lives with children (N, %) 91 (16.9) 8 (25.0
Lives with children who go to out-of-
home day care (N, %)
103 (19.1) 5 (15.6
Soap use (N, %) 397 (73.7) 20 (62.
Used public spa, pool, shower (N, %) 28 (5.2) 2 (6.3)
AVFZ arteriovenous fistula; AVGZ arteriovenous graft; CIZ confid
DLCZ double lumen catheter; MRSAZmethicillin-resistant Staph
WBCZwhite blood cell.Results
Of the 541 cultures obtained, 32 (5.9%) were positive for
MRSA by culture method, 89 (16.5%) were positive for
MSSA, and 420 (77.6%) were culture negative. MRSA
accounted for 32 (26.4%) of 121 S aureus isolates. The
demographic and clinical characteristics of patients with
and those without MRSA colonization were shown in
Table 1.hemodialysis and Risk factors for nasal colonization with MRSA
RSA
ation
)
Without MRSA
colonization
(nZ 509)
OR (95% CI) p value
62 14 1.008 (0.982e1.035) 0.537
9) 257 (50.5) 0.87 (0.42e1.77) 0.691
1) 252 (49.5)
0) 187 (36.7) 1.72 (0.84e3.52) 0.133
11 (2.2) 1.46 (0.18e11.68) 0.720
8) 104 (20.4) 3.03 (1.462e6.29) 0.002
11 (2.2) 3.02 (0.64e14.24) 0.143
) 35 (6.9) 2.51 (0.91e6.91) 0.067
29 (5.7) 0.53 (0.07e4.05) 0.537
4 (0.8) 4.07 (0.44e37.54) 0.18
1 (0.2) 16.36 (1.00e267.72) 0.008
) 103 (20.2) 0.73 (0.27e1.94) 0.527
12 (2.4) 1.33 (0.17e10.59) 0.785
0.616
4.96 5.52 6.40 0.985 (0.926e1.046)
5) 4 (0e39)
0.177
.5 5.3 2.3 1.092 (0.960e1.242)
3) 4 (3e16)
0.586
.2 4.3 1.2 1.093 (0.793e1.508)
) 5 (1e5)
0.13
.4 2.9 1.4 0.813 (0.620e1.065)
3 (1e5)
10 (2.0) 5.15 (1.34e19.74) 0.008
50 (9.8) 0.61 (0.14e2.63) 0.504
40 (7.9) 1.21 (0.35e4.15) 0.761
31 (5.8) d 0.15
) 83 (16.3) 1.71 (0.74e3.93) 0.204
) 98 (19.3) 0.78 (0.29e2.06) 0.609
5) 377 (74.4) 0.58 (0.27e1.21) 0.14
26 (5.1) 123 (0.28e5.42) 0.786
ence interval; COPDZ chronic obstructive pulmonary disease;
ylococcus aureus; NGTZ nasogastric tube; ORZ odds ratio;
Table 3 MRSA and MSSA colonizations of patients on long-
term hospital-based hemodialysis at 1-year follow-up.
Results With MSSA
colonization
(nZ 63)
With MRSA
colonization
(nZ 32)
MSSA infection (N, %) 6 (9.5) 1 (3.1)
Expired due to MSSA (N, %) 1 (1.6) 1 (3.1)
MRSA infection (N, %) 6 (9.5) 4 (12.5)
Expired due to MRSA (N, %) 2 (3.2) 3 (9.3)
MRSAZmethicillin-resistant Staphylococcus aureus; MSSAZ
methicillin-susceptible Staphylococcus aureus.
Nasal carriage of MRSA in patients with ESRD 17Patients with MRSA colonization were similar to patients
without MRSA colonization in terms of age, sex, presence of
diabetes, and other study variables. By univariate analysis,
patients with MRSA colonization had congestive heart
failure ([CHF] (43.8% vs 20.4%, pZ 0.002), nursing home
admission (3.1% vs 0.8%, pZ 0.008), and nasogastric tube
(NGT) feeding in the last 3 months (9.4% vs 2.0%,
pZ 0.008).
By multivariate analysis (Table 2), factors independently
associated with an increased risk of MRSA colonization
included CHF (odds ratio [OR], 4.23; 95% confidence
interval [CI], 1.86e9.58), nursing home admission (OR,
40.99; 95% CI, 2.19e765.95), and NGT feeding in the last
3 months (OR, 5.29; 95% CI, 1.27e22.02).
Results of the follow-up survey are listed in Table 3. Of
the 63 MSSA colonization patients, six (9.5%) had MSSA
infection and only one (1.6%) died. Six people (9.5%) had
MRSA infection and two (3.2%) died. Of the 32 MRSA colo-
nization patients, one (3.1%) had MSSA infection and died.
Four (12.5%) had MRSA infection and three (9.3%) died; two
had CHF. No one had either nursing home admission or NGT
feeding in the recent 3 months.
Discussion
According to the study of Lederer and colleagues,6 the
prevalence of nasal carriage for S aureus is as high as 53%,
with 41% MSSA and 12% MRSA. However, in this study, the
prevalence of S aureus colonization among ESRD patient is
22.4%, with 16.5% MSSA and 5.9% MRSA. This is nearly one-
half of those reported by Lederer and colleagues.6 None-
theless, there is a fixed ratio of about 4:1 for MSSA and
MRSA in both studies. It is interesting to note that the
prevalence rate of MRSA colonization in dialysis patients in
Taiwan is nearly one-half of those in other countries.
Risk factors previously reported by other studies before
had high prevalence of MSSA and MRSA colonization. This
study hopes to thoroughly survey possible risk factors for
MRSA colonization in ESRD patients in Taiwan, it includes
not only basic data and clinical manifestations but also
hygiene and educational levels. Conditions that can
potentially expose patients to MRSA have been screened,
including itching, hygiene, bathing, and education scores,
as well as NGT feeding in the last 3 months, soap use, and
use of a public spa.
CHF is an independent risk factor for MRSA colonization
by multivariate analysis. Chang and colleagues14 note thatTable 2 Risk factors associated with MRSA colonization in
patients on long-term hospital-based hemodialysis (Multi-
variate analysis).
Risk factor OR (95% CI) p value
Congestive heart failure 4.23 (1.86e9.58) 0.001
Nursing home admission 40.99 (2.19e765.95) 0.013
Nasogastric tube feeding
in the preceding three
months
5.29 (1.27e22.02) 0.022
CIZ confidence interval; ORZ odds ratio.MRSA infective endocarditis has a high mortality rate among
maintenance hemodialysis patients and that heart failure is
a risk factor for mortality from to MRSA infection in these
patients. These findings suggest a significant relationship
exists between MRSA, CHF, and ESRD. Johnson and others7
have shown a higher frequency of a history of CHF among
those with HCA-MRSA strains. More attention to screening
for MRSA colonization or infection in ESRD patients with
CHF is therefore warranted.
Other independent risk factors for MRSA colonization in
the multivariate analysis are nursing home admission and
NGT feeding in the last 3 months. Hidron and colleagues4
have found that hospitalization in the past 12 months and
alternative housing are risk factors for MRSA colonization.
Alternative housing includes patients living in personal-care
homes, nursing homes, long-term care facilities, and
correctional facilities, as well as those who are homeless.
Their analysis reveals an elevated rate of MRSA colonization
in patients who stayed in hospitals or nursing homes due to
medical conditions.
In our previous study,10 SCCmec IV was identified in 13 of
31 (41.9%) MRSA patients and SCCmec V was identified in 14
of 31 (45.1%), while total SCCmecs IV or V were identified in
26 of 31 isolates (83.9%). Thus, the prevalence of SCCmec IV
or V MRSA colonization in ESRD patients is 4.8%. Previously,
MRSA infections among dialysis patients were considered to
be associated with healthcare. Infecting strains in this
population will more closely resemble the HCA-MRSA
strains. However, this study shows that colonized strains
in this population more closely resembled community-
associated MRSA strains.
In conclusion, CHF, nursing home admission, and NGT
feeding in the last 3 months are risk factors for nasal MRSA
colonization in ESRD patients. Active MRSA surveillance for
ESRD patients with such risk factors is crucial for effectively
controlling MRSA in hospital hemodialysis settings.
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